ABSTRACT
INTRODUCTION
With the use of computers and high computing power nowadays, evolutionary and swarm algorithms have found applications in optimization problems and design problems. Some of these algorithms are genetic algorithms proposed by Holland [1] , particle swarm optimization algorithm developed by Kennedy and Eberhart [2] , immune algorithm proposed by Farmer et.al. [3] and Harmony Search Algorithm proposed by Geem, Kim and Logonathan [4] . These algorithms all can be considered artificial intelligence concepts and most of them are derived from nature and biological systems. Applications of these methods have found a great interest in engineering design such as in microwave circuit design [5] . Multi-objective optimization problems is of more interest and these methods are applied, as an example in parameter estimation of induction motors [6] , in the design of low noise amplifiers [7] and in broadband microwave absorbers [8] .A new hybrid method, bat algorithm, was proposed by Yang as a powerful tool which combines variety of these methods namely particle swarm optimization and harmony search algorithms [9] . In this paper, the aim is to test this algorithm on a microwave design problem. In order to achieve this aim, design of a microwave microstrip coupler is considered. For the performance, the items of accuracy and speed are considered as means of performance metrics. In the next section, the main steps of the bat algorithm are explained. In the problem definition and results sections, the microstrip coupler design problem is described and the obtained results are presented. Lastly, the conclusions section gives the concluding remarks of the paper.
ALGORITHM
Bat Algorithm is derived through the echolocation behaviour of bats. Bats are very good at finding the prey and they can distinguish very small prey and obstacles even in the dark. They can also detect the distance of the prey, type of the prey and the moving speed of the prey using the echolocation behaviour [9] . The algorithm mimics the same process of how bats can find and detect the food source with the help of echolocation. It starts by defining a purpose function f(x) which needs to be optimized. We create some possible candidates which form the bat population that will be used in the objective function to calculate their fitness values. Bats move randomly for finding the food source. In bat algorithm, variables in the search space such as velocity v i , position x i , frequency f, rate r, and loudness A 0 should be updated in the iteration process. As a result of updating certain variables the new bat population is created. Fitness value of each bat in the new population is calculated then sorted according to the fitness values. After certain evaluations, the fitness value that is closest to the optimal value of the objective function is the optimal solution of our problem. We can list the steps of the algorithm as follows.
Step 1: Generate a set of bat population, velocity v i , position x i , frequency f, rate r, and loudness A 0 .
Step 2: Calculate the fitness value of each bat in the population.
Step 3: Sort the bat population according to fitness values of candidates.
Step 4: Update variables for bats flying randomly. Therefore new bat population is created with using the updated variables v i , x i , f, r and A 0 .
Step 5: Calculate the fitness value of each bat in the new bat population, and rank them.
Step 6: Create and replace the predefined number of new random bats into the population.
Step 7: Repeat Steps 4-6 while the stopping criterion is not met.
Bat algorithm consists of similar steps with the other algorithms such as initialization, generation of new candidates in population by flying randomly, local and global search. New solutions are generated by moving virtual bats according to following expressions
whereβ is a random number in between (0, 1) and best is the best solution in population. f min andf max show the frequency limits and adjusted to 0 and 100, respectively. Bat algorithm uses exploitation to focus the search around the current best candidate. This is called random walk in algorithm. It modifies the current best solution and done by the following expression
where ε is a random number in between (0, 1) and A t is the average loudness of all bats at this time t. The loudness A i and the rate r i of pulse emission are updated in the iteration process according to following expressions
where α and γ are constants in between (0, 1) and γ >0, respectively.
PROBLEM DEFINITION
Microstrip couplers are part of many microwave circuits and components and their design is of interest. Researchers in the past used the geometry of the lines to develop a model for the even and odd mode impedances of the line and hence calculate the coupling coefficient of the microstrip line accordingly [10] [11] [12] . The theoretical foundations and the models predict very close proximity to the real experimental results that are obtained, however the complexity of equations make the design a difficult task unless an optimizing tool in a CAD program is used. In this case we will use these equations in an algorithm and then the obtained results will be used in a CAD program to observe whether the algorithm has found correct dimension values for the desired coupling. We can consider the drawing in Figure 1 as a simple microwave microstrip coupler with the unknowns indicated [13] . Figure 1 .Microstrip Coupler [13] In this figure, two microstrip lines of width w are separated by spacings on a grounded dielectric with thickness H. Electromagnetic coupling occurs between two microstrip lines and the proper values w, s and H need to be optimized for desired coupling. In order to test the algorithm, the equations are established in a manner to obtain the odd and even mode impedances (Z oo and Z oe ) using the ratios 'whse' and 'whso' for the microstrip line using the equations proposed by Akhtarzad [12] as given below 
( )
where equation 8 is valid for dielectric constant (ε r ) materials with values less than 6. Ratios whseand whso can be used to determine Z oo and Z oe as explained by Akhtarzad et.al. [12] and hence the coupling coefficient, C, which can be simply obtained by using the following expression (11)
RESULTS
For test purposes we set the desired coupling coefficient to be 0.2. The substrate with dielectric constant being 3.9 was considered for the microstrip coupler. In a random manner we created 20 'bats' which held the values of W (width), H (height) and S (spacing) that we can obtain W/H and S/H which inherently fixed whse and whso values and hence even and odd mode impedances were calculated for each 'bat'. The algorithm continued to find suitable values of width(W), height (H) and spacing (S). A limitation for Z oo and Z oe impedance values of being greater than 20Ω and less than 75Ω were also set in order to ensure realistic design values.
Some of the results were observed with the number of iterations that required to reach the optimum solution. These are shown in Table 1 . It was noted that the algorithm found optimum solutions extremely fast. Most of the time, even in less than 20 iterations the approximate answer was within the 0.01 error margin to the real answer, and with a little bit of increase in iterations we observed the result to be obtainedin 0.000001 error margin. Sample graphs showing the iteration convergence are shown in Figure 2 and Figure 3 . Therefore when the performance metrics of speed and accuracy are considered, as it can be observed in the graphs, both of them are satisfied in a good manner. The graphs indicate convergence to optimum answers very fast. In about 10 iterations desired coupling is obtained and in 20 iterations optimum design parameters are obtained. The reason for such good results is highly related with the fact the algorithm is very powerful because the algorithm uses the best of both worlds for particle swarm optimization and harmony search. Also another determining factor is the fact that there are many solutions to the problem, and we can see these different results in Table 1 . When we consider the speed of the algorithm it seems that it is very powerful.
The results that were obtained should be tested and verified using microwave design simulators. This was done to make sure that the obtained values from algorithm were in fact the real design values that give the desired coupling. The verification of these data was done using a microwave simulator PUFF [14] and Sonnet microwave simulator [15] , and example graph is shown in Figure  4 . The figure shows the graph for the Trial 8 in Table 1 . The design frequency for this problem was set to 5 GHz which was the frequency for achieving desired coupling. A smooth curve peaking at a value of 0.2 at 5 GHz was observed. The results obtained by the algorithm used in simulator indicated that they can actually be the proper design values for microwave couplers. 
CONCLUSIONS
In this work, the newly created bat algorithm was tested to see if it can be a possible candidate algorithm for microwave simulators in terms of speed of convergence. The algorithm was written as a program and with many different runs it produced different results. However, the results were all optimum results and the results were all found in less than 20 iterations. The example problem was microstrip coupler design equations, which can be considered as complicated functions that cannot be solved easily. The algorithm produced the dimensions for design.The obtained dimensions further were tested with microwave simulators. Simulations showed that the algorithm worked very well and the estimated dimensions by the algorithm were the proper wanted design values. The algorithm, although it seems little bit more elaborate than most of the other evolutionary algorithms, can easily be applied to the problems and good optimal design valuescan be obtained in a fast manner while designing microwave circuits.
